Regional Climate Models are important tools, which are increasingly being used in studies of impacts and adaptation to climate change at local scale. The goal of this work is to assess the climate change over the La Plata Basin, using the Eta Regional model with a resolution of 10 km. 
Introduction
The study region of this work is the La Plata Basin (LPB), which covers an area near 3,200,000 km 2 ( Figure 1 ). In terms of its geographic extension, this basin is the fifth largest in the world, the second largest in South America after the Amazon Basin. The basin is divided in three large sub-basins, corresponding to the Parana, Paraguay, and Uruguay Rivers. The LPB covers five countries, with approximately 46% of its area in Brazil, 30% in Argentina, 13% in Paraguay, 7% in Bolivia and 4% in Uruguay.
The agricultural sector of this region has expanded in recent years, due to worldwide demand for crops and biofuels. Additionally, a 20% -30% increase in mean annual precipitation during the last 30 years has favored an expansion of the agricultural frontier, mainly of wheat and soy crops. However, global warming projections up to the end of the 21st century show risks of crop collapse due to vulnerability to great climatic fluctuations, mainly prolonged drought periods and an increase in the frequency of intense rains [1] - [4] .
In the context of impacts and adaptation (e.g. agriculture, water resources management, health) integrated evaluation strategies are gaining popularity, in which regional climate change projections provide important information for decision making systems, with the aim of reducing vulnerability. According to Marengo et al. [1] , a relatively small number of studies have been made on impacts and vulnerability in Brazil using projections of regional-scale climate change scenarios. However, they do not leave any margin for doubt: Brazil will not be spared by climate change [1] .
In South America, dynamic downscaling of climate change scenarios has been recently made available for various emissions scenarios and periods up to the end of the 21st century, using different regional models driven by various global climate models [1] [5]- [8] .
According to Solman [9] , various studies of South America have been made in recent years, which have demonstrated that regional-scale climate simulations are affected by various sources of uncertainty. One of these stems from the land-surface schemes. An increase in spatial resolution, among other factors, can contribute to a better representation of the surface by, for example, offering a better representation of topography and landsurface cover.
The objective of this work is to assess the climate change in the La Plata Basin, using simulations from the regional climate model Eta-10 km with initial and boundary conditions from the Eta-20 km and HadGEM2-ES (UK Met Office Hadley Centre Global Environmental Model, version 2, with Earth System components) models, using the RCP 4.5 scenario [10] .
In this work, we analyze the spatial fields at the seasonal scale, and the annual cycle of precipitation and nearsurface temperature of the Eta model. Prior to use the model projections, the simulations are evaluated in the present climate period using CRU (Climatic Research Unit, [11] ) data as observations. The analysis of changes in temperature and precipitation, relative to present climate, is done in three timeslices: 2011-2040, 2041-2070, and 2071-2099.
Data and Methodology
The 
HadGEM2-ES
The HadGEM2-ES [12] model consists of an Atmospheric Global Circulation Model (AGCM) with a N96 horizontal resolution (approximately 1.875˚ × 1.250˚ longitude by latitude) and 38 vertical levels, and an oceanic model (OGCM) with a horizontal resolution of 1 degree (elevated to 1/3 degree at the equator) and 40 vertical levels.
The earth system components include the terrestrial and oceanic carbon cycles and atmospheric chemistry. Vegetation and the terrestrial carbon cycle are represented by the TRIFFID (Top-down Representation of Interactive Foliage Including Dynamics, [13] ) dynamic global vegetation model.
Oceanic biology and chemistry are represented by the Diat-HadOCC model. Tropospheric chemistry is represented by the UKCA (United Kingdom Chemistry and Aerosols) model and also includes new aerosol species (organic carbon and dust).
HadGEM2-ES uses a hypothetical calendar, in which each year is composed of 12 months with 30 days each, in other words 360 days/year. The variables used as initial and boundary conditions in the Eta-20 km model are specific humidity, temperature, mean sea-level pressure and horizontal wind.
Eta
The Eta regional model was developed at the Belgrade University [14] and used operationally at NCEP [15] . Since 1997 it is used by INPE for weather forecasts [16] . This model has been used since 2002 for operational seasonal climate forecasts [17] . A version of the model was developed for climate change studies [5] [6] [18] , and its results were used in 2010 for Brazilian Second National Communication to the UNFCCC (United Nations Framework Convention of Climate Change [19] ). This work uses the version of the model developed for the Brazilian Third National Communication [7] [20] .
Radiative fluxes are treated by Fels-Schwarzkopf scheme [21] for long waves, and Lacis-Hansen scheme [22] for short waves. CO 2 follows the emission scenarios, and is updated every 3 years. The two radiative schemes are called every hour of model integration. The cumulus convection scheme used is that developed by Betts and Miller [23] and modified by Janjic [24] . Cloud microphysics follows the Zhao et al. [25] scheme. The land-surface scheme used is that of Noah [26] .
Simulation Configuration
The model horizontal grid is the Arakawa E grid, configured at about 10 km horizontal resolution. This work uses 38 vertical levels. Initial and boundary conditions are given by the Eta-20 km at each 6 hours (specific humidity, temperature, mean sea-level pressure, surface pressure and horizontal wind), as well as the boundary conditions from the HadGEM2-ES model. The Sea Surface Temperature (SST), provided by HadGEM2-ES, was interpolated linearly from monthly mean values, whereas the Eta model updated the equivalent CO 2 , according to RCP 4.5 scenario, at every 3 year. The initial conditions of albedo are from climatology. Soil water follows the scheme of Chen et al. [27] which uses four soil levels and a map of 13 vegetation cover types and 9 soil types. The Eta model calendar was modified in order to follow the HadGEM2-ES model's calendar and, consequently, synchronize the seasonal cycles of the models.
Greenhouse Gas Emissions Scenarios
The future emissions of greenhouse gasses (GHG) are the result of complex dynamic systems, determined by driving forces such as demographic growth, socio-economic development and technological advancements. Emissions scenarios represent various development pathways which may unfold in the future. The scenarios assist in analyses of climate change, including climate modeling and evaluation of impacts, adaptation and mitigation. According to the AR5 [28] assessment report, in previous reports (TAR and AR4), SRES (Special Report on Emission Scenarios [29] ) emissions scenarios were used in order to explore the uncertainty of the anthropogenic contribution to climate change in the future climate. More recent research has used RCPs (Representative Concentration Pathways) [30] , which are new scenarios that specify concentrations and corresponding emissions, but which are not directly based on socio-economic evolution, unlike the SRES scenarios. The RCP scenarios are based on a different approach and include short-lived gasses more consistent with land use changes. They are not necessarily more capable of representing the future evolution of GHG concentrations than the SRES scenarios.
The four RCP scenarios are identified by their peak or stabilization value of the Radiative Forcing (RF) in the 21st century. The RCP 4.5 [10] intermediate scenario, defined as such for having a peak 4.5 W•m −2 RF value around 2100, was the emissions scenario chosen for this work. The model uses the CO 2 -equivalent concentrations from the RCP 4.5 scenario.
Results and Discussion
The precipitation and air temperature fields simulated by the Eta regional model are analyzed during the periods of summer (DJF) and winter (JJA). The analysis of present climate ) is done based on the CRU data set, while the analysis of future climate (2011-2099) is based on the difference between the future climate and the present climate integrations. (1961-1990) 
Analysis of Present Climate

Precipitation
The principal characteristic of the precipitation regime in most of South America (SA), is a well-defined annual cycle, with a maximum in summer (DJF) and a minimum during the winter (JJA) [31] . This cycle is associated to the annual variation of atmospheric circulation over SA and adjacent areas [32] , strongly related with seasonal solar heating. Climatologically, the spatial and temporal distribution simulated by the Eta model is in agreement with patterns found in scientific literature and with observational data used in this study (Figure 2) .
As seen in Figure 2 , the Eta model generally captures well the spatial distribution of precipitation during summer (DJF). However, some differences between the model and observations are evident. The model underestimates rainfall along the climatological position of the South Atlantic Convergence Zone (SACZ). This error in the representation of the SACZ band was identified in Solman et al. [33] and Chou et al. [20] . This negative bias may be related to the difficulty of models in representing some components of the hydrological cycle, such as the vegetation cover, soil moisture, surface fluxes, and the parameterization of convection.
Although it overestimates precipitation during winter (JJA), the model generally shows a behavior similar to observations. During this period, in the simulation, it is possible to notice the reduction in precipitation over central Brazil and increase of rains over the Southern region of Brazil, Paraguay, Uruguay, and southern Chile, because of frontal systems passages typical of this period of the year [34] .
In the works of Solman et al. [33] and Chou et al. [20] , a negative bias in precipitation was identified in northern Argentina and southern Brazil. However, this bias is not found in this simulation using Eta-10 km. Figure 3 shows that there is an underestimation of precipitation in LPB up to 1.5 mm/day during summer, and an overestimation of the same magnitude during winter. In relation to CRU, it is noteworthy that although the Eta model presents a similar seasonal cycle, with a reduction in precipitation during winter, the amplitude of this cycle is smaller in the simulations than in observations. Figure 1) . The black curve refers to CRU data and the red curve, the Eta-10 km model. systems to reach this region.
Temperature
Although there is agreement between the temperature simulated by the Eta and CRU observations, the model tends to show high negative bias during both seasons, in the west coast of the model domain, where the Andes is located. This result has also been found by various authors, which consider that this bias should be evaluated with caution, due to the scarcity of observational data in areas of complex topography [20] [33] [35] .
The overestimation of temperature in LPB, mainly during summer, which is found in Chou et al. [18] , Solman et al. [33] and Chou et al. [20] , is not seen in this simulation.
A comparison with observed annual temperature cycle indicates that on average the Eta model overestimates temperature during the first semester of the year and underestimates from August in the La Plata Basin. In general the model represents well the annual cycle of temperature, as well as its amplitude. The difference between simulated and observed temperature does not exceed 1˚C (Figure 5 ). Figure 6 shows the average difference of seasonal precipitation for the periods 2011-2040, 2041-2070 and 2071-2099, in relation to the 1961-1990 period (this difference we hereby name anomaly). In this figure, it is possible to notice that for the 2011-2040 period, it is projected a negative trend in a large portion of the continent, especially in DJF. This negative anomaly extends over the entire region known as the SACZ, from the Atlantic on the coast of the Southeast to the Central-west of Brazil, where the analysis domain ends. This reduction in precipitation is also seen in JJA, but with a lesser magnitude. For the periods of 2041-2070 and 2071-2099, the trend in the SACZ region persists during the summer (DJF), but with a lower intensity. In the assessed periods a trend of increasing precipitation is found in the southern portion of the domain, in particular in Argentina, Uruguay and southern Brazil in DJF and only in the Southern Region of Brazil in JJA. Average precipitation over the Basin, for the three assessed periods, shows a reduction in precipitation in relation to the present climate (black curve), from December to March. In June, the trend shows increasing precipitation during the 2041-2099 period (Figure 7) . During other months, the average signal is not clear, as areas of negative changes are offset by areas with positive changes in precipitation within the basin.
Future Climate Projections
Precipitation
Temperature
The differences between the temperatures simulated in the future climate (2011-2040, 2041-2070, and 2071-2099) and in the present climate (Figure 8 
Conclusions
In this work, we evaluated the simulated present climate and assessed the future climate change projections (2011-2099) generated by the Eta regional climate model, using a spatial resolution of 10 km with initial and boundary conditions from the Eta-20 km and HadGEM2-ES models, and RCP 4.5 emission scenario.
Results show that the regional model can reproduce the spatial and temporal climatological features of precipitation and temperature in the region of the 1961-1990 period. The positive bias in temperature and negative bias in precipitation, which were commonly, identified in various regional models simulations for the region [18] [20] [33] [36] , are substantially reduced in the current simulation for the La Plata Basin. In fact, the current choice of model domain and setup have performed better than the driver Eta-20km simulations which provided the lateral boundary conditions. Therefore, we conclude that the current model setup is considered adequate for assessment studies of future climate change in the LPB.
In the assessment of future climate change, the simulations showed some changes, in relation to the current climate, in the intensity of some meteorological systems. A trend for a negative change in precipitation is projected over the SACZ region, mainly during the rainy season. This indicates a weakening of the SACZ, due to the intensification of subtropical highs, which may block the passage of frontal systems through the LPB region. From 2041, a trend for an increase in precipitation is projected in southern Brazil and northern Argentina.
In relation to temperature, the projected future climate is warmer over the entire domain, compared to the present climate, with a change reaching 3˚C in 2011-2040, 3.5˚C in 2041-2070, and 4˚C in 2071-2099. This change is in a band located approximately between the latitudes of 10˚S and 23˚S.
A good reproducibility of the present climate and the detailed climate projections, with constantly increasing spatial resolution, can provide useful information for impact studies in various socio-economic sectors. As the economy of the LPB is strongly based on agricultural production, further work will be conducted on the assessment of the impacts of climate change on agriculture in this region, and therefore the study presented here is a contribution to studies in this economic sector.
